

PATENT SPECIFICATION 

N'O DRAWINGS 



1,000,47 



Date of Application and filing Complete Specification: Aug. 7, 1962. 
No. 30253/62. 

Application made in United States of America (No. 129,968) on Aug. 8. /9c 
Complete Specification Published: Aug. 4, 1965. 
© Crown Copyright 1965. 



Index at acceptance:— CZ C(P1L1, P1L2, P3B11A, P3B12A, P3B12B, P3B14B, P3B1= 

P3B17, P3B1SB, P3B18C, P3B18D, P3B19C, P3B19E, P3B20, P3E 
P4, P5B, P7); C2 J(l, 2); 05 E(B2E1, B2M1) ; C7 F(1B2, 1B4, ! 
411) 



Int. a.:— C 07 f // C 07 c, C 23 c 



COMPLETE SPECIFICATION 



Improvements in the Production and use of Organo Nickel 
Complexes, containing Phosphorus, Arsenic or Antimony 



Sr^CIrlC ATKjj Ij O* 1,000.47? 
— . i ■ • ■ . i !■ i - ■ ' ' ~ — " * 

37 a direction ur.3?r SscUca i" ( i> cf the Patents Act i£49 this applies v 

p , e .„r a < i n t re na."i« c" COLUMBIAN CAFJ30K COMPaHT, a Corporation organised and 
existing under the laws of tfca S'.an of Seiavare. '-Kited States cf America, of 
bSo vad'«cn Averue, Sew YcrK. State c: Kew York, Uni^ i States of America. 



the ?a:e::t office 



15 four atoms of the elements phosphorus, arsenic, 
and/or antimony, the bonding being directly to 
said element with organic radicals also being 
bonded directly to said element or through 
oxygen, particularly ictrakisj'triorganophes- 

20 rhite) nickel complexes. 

The resulting compounds or complexes are 
useful as catalysts for organic reactions, such 
as the polymerization or ongomerization of 
olefins, and particularly for preparing cyclo- 

25 oligomers cf open chain conjugation diolefins. 
The cyclic products may have from eight to 
twenty carbon atoms in the ring with a carbon 
to carbon double bond for each molecule of di- 
olefin incorporated therein. Cyclic compounds 

30 with side chains are also produced. Of parti- 
cular value is the use of the compounds of the 
invention to catalyze the reaction of 1,3-buta- 
diene to give 1,5 - cyclooctadiene, l ; 5,9-c3-clo- 
dodecatriene and to some extent various cis 3 

35 trans and cis-trans isomers thereof. In some 
cases, the nickel compounds of the invention 
may be thermally decomposed to give finely 
divided nickel or coatings of metallic nickel. 
The nickel compounds obtained by the pro- 
40 cess cf the invention and methods of using 

{Price 4s. 6dA 



A. 

starling material is nickel carbonyL which pre- 
sents hazards in handling. 

The preferred embodiments of the present 
invention avoid these problems and provide 
an alternative method of preparing the subject 
complexes. It has now been discovered that 
inexpensive divalent and trivalent nickeL com- 
pounds which in most cases are commercially 
available at reasonable cost, and in forms which 
are relatively safe to handle, are useful for the 
preparation of the subject coordination com- 
pounds. However, less preferred embodiments 
of the present invention advantageously include 
the use of the divalent and trivalent organo- 
nickel compound starting materials of the 
latter of these aforesaid Specifications, an ad- 
vantage being that a smaller amount of the 
phosphorus, arsenic, or antimony compound is 
required and/or less severe conditions are re- 
quired. Also within the invention is the method 
of using these compounds as catalysts for the 
cyclooligercmerization of olefins. 

The tetrasubstituted, trisubstituted, and di- 
substituted nickel compounds prepared accord- 
ing to the invention have the formulae : 

t(R0 3 ) a X] ,Ni, 
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ZlL.u-I SWa,lar or gara>-inetaIlic com- 
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We, Cities Service Research lm 
Development Company, a rarporatiC 
orgamzed and existing under the law? of the 

of Sixl^T 7 ' Um £ d States of America 
v ~ 1 *^ T WaD Tower, 70 Pine Street New 
York 5 New York, United States of AmericT 
do hereby declare the invention, for whTch we 

RSho, 3 r eD , tmay be ^d t™ and 
the method by which it is to be performed to 
be particularly described in and byThTfoHow 
ing statement : y ro "ow- 

JSZ i ™ e ? tion J «Iatw to a method of pre- 

Sf coc l rdina ^n compoundf of 

nickel m which the nickel atom is bonded Z 

four atoms of the elements phosphorus aSenic 
and/or anumony, the bondmg tern™**™™' 

™* organic radicals* S being 
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complexes. It h^J 60 

f>« and bivalent mck^coS 6 ° 
pounds which in most cases are commerciallv 
available at reasonable cost, and in forms wWch 
are relatively safe to handk, are JS for S 

ST W ° f , SUb, ' ect ^ordination com! 65 
of X nr^T-^' ! ? SS P refer «d embodiments 
die use^f E^T °? ° n advaMa S«>usIy include 
nidcH ™ divalent and trivalent organo- 
id , co mpound starting materials of the 

™~ a [° rCSaid Specifications, an 3? 70 

vantage bemg that a smaller amount of the 

$£3£r?Ar B h or antimon y «S«5dh 

S A&- te , S£Vere conditions are re- 
Wltiun the mention is the method 
of usmg these compounds as catalysts for the 75 
cycloohgeromerization of olefins 75 
su lS^^? a?lb ^ ?tUted ' triMJwitnted, and di- 

S^ d - mCke c T pounds P^red accord- 
ing to the invention have the formulae- 

[(RO^Xj ,Ni, * 80 
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and 



[(RO») a X] 2 Ni(XR 11 2 )2R 1 
[R 1 (R 11 aX) 2 ] 2 Ni 



in which each R, R l , and R 11 is a hydrocarbon 
5 radical or an acyl or halogen derivative thereof, 
a is one or zero, and X is phosphorus, arsenic, 
or antimony. It is believed that the nickel in 
these complexes is zero-valent and is attached 
to the ligands by co-ordination bonds. 
10 The method according to the invention of 
preparing such compounds comprises reacting 
(1) a nickel compound having a valency (co- 
valency or electrovalency) of 2 or 3 with (2) 
a ligand or mixture of Hgands of the formula 

15 (RO a ) 3 X, 

in the presence of (3) a reducing agent selected 
from organometallic compounds, organometai- 
lic halides, metal hydrides, and organometallic 
hydrides, alkali metal ethoxides, metallic 
20 reducing agents more positive than nickel hy- 
drazine, alkyl hydrazines, carbonyl hydrides, 
organic phosphines, organic phosphites and 
hydrogen. 

The ligand is preferably a triorganophos- 

25 phite, although it may also be a triorganophos- 
phine, triorgano-arsenite, triorganoarsine, tri- 
organoantimonite, or triorganostibine. The 
ligand may contain two atoms of phosphorus, 
arsenic, or antimony, as in the last two of the 

30 three formulae given above (ditertiary com- 
pounds), otherwise being similar to the pre- 
ferred ligand. Examples of this type of ligand 
are orthophenylenebisdimethylarsine, ortho- 
phenylene-bisdimethylphosphine, propylenebis- 

35 dimethylphosphine, and orthophenylenebisdi- 
methylstibine. These ligands are suitably pre- 
pared by the methods of Chatt et al, U.S. 
Patent Specification No. 2,922,819. 

The radical R in the ligand is a hydrocarbon 

40 or a halogen- or acyl-substituted hydrocarbon 
radical. Examples of suitable hydrocarbon 
radicals include: open-chain alkyl radical pre- 
ferably having less than about 20 carbon atoms, 
such* as methyl, ediyl, propyl, butyl, hexyl, 

45 dodecyl, isooctyl, isobutj r l and isopentyl; cyclo- 
alkyl radicals including cyclopentyl, cyclohexyl 
and cyclooctyl; and aryl radicals such as 
phenyl, biphenyl, «-naphthyl, and /3-naphthyl; 
alkylaryl radicals such as ?«-tolyL p-tolyl, o- 

50 tolyl, and 3,5-xylyl; and arylalkyl radicals 
such as the benzyl and benzo hydryl radicals. 

The halogen substituent can be chlorine, 
fluorine, bromine or iodine. Examples of halo- 
gen-substituted radicals are p - chlorophenyk 2- 

55 chloroethyl, m-(trifluoromethyl) phenyl, and 
bromocyclohexyl radicals. A useful acyl-sub- 
stituted hydrocarbon radical is p-acetophenyl. 

The radicals R may be identical or different. 
Examples of compounds wherein the radicals 

60 are the same are tetrakis (triphenylphosphite) 
nickel; tetrakis (tri - p - tolyl - phosphite) 



nickel; tetrakis (triphenylphosphine) nickel; 
tetrakis (tricyclohexylphosphite) nickel. In- 
stances of catalysts containing differing radicals 
R are tris (triphenylphosphite) tri - p - toiyl- 
phosphite nickel; and tris (triphenylphosphite) 
triethylphosphite nickel. Similar variations 
may be made where phosphine compounds are 
utilized, and both phosphine and phosphite 
compounds may be bonded to the Ni°. Com- 
parable tetrasubstituted compounds, but with 
arsines, arsenites, stibines, and/or antimonites 
substituted for the phosphines and phosphites 
are within the invention. 

The radicals R 1 are preferably arylene and 
less desirably alkylene, and the radicals R 11 
are preferably alkyl radicals. In general, the 
radicals R 1 and R 11 are similar to the radicals 
R. Suitable as the radical R l are phenylene, 
tolylene, naphthalene, and substitution pro- 
ducts thereof, the o-arylene radicals being pre- 
ferred, or alkylene radicals such as ethylene and 
propylene. The radicals R 11 are suitably ethyl, 
methyl, propyl, butyl, or halogen-substituted 
alkyl such as chloroethyl. 

The nickel compound useful as the starting 
material may contain nickel in a valence state 
of from two to three. Preferably the nickel is 
divalent. 

Suitable preferred divalent nickel compounds 
as the starting material include nickel chloride, 
nickel bromide, nickel iodide, nickel cyanide, 
nickel mono-oxide, nickel carbonate, nickel 
fluoride, nickel sulfate, and nickel monosul- 
fide, preferably having no water of crystalliza- 
tion or hydration. Nickel dihalides are especi- 
ally preferred. Similar trivalent nickel com- 
pounds, e.g., nickel sesquioxide (Ni 2 O n ), and 
nickelic hydroxide [Ni(OH) n ] are of benefit. 
Also, Werner complexes, such as Ni(NH n ) c Cl 2 
are useful. 

Carboxylic acid salts of divalent nickel are 
useful, including nickel acetate, nickel pro- 
pionate, nickel caprylate, nickel oleate, nickel 
lactate, nickel citrate, nickel benzoate, nickel 
salicylate, and nickel naphthenate. Also suit- 
able are nickel petroleum sulfonate, nickel 2- 
ethvlhexylsulfate, nickel dilaurylphosphate, 
nickel ethylxanthate, nickel dimethyldithio- 
carbamate, nickel phenyldithiocarbamate, 
nickel dithiocarbanilate, nickel bis(p-octyl- 
phenol) sulfide, nickel acetylacetonate, nickel 
ethylenediamine - bis - acetylacetonate, nickel 
dimethylglyoxime, and nickelphthalocyanine. 
The carboxylic acid salts and chelates of nickel 
give excellent results, the inorganic nickel com- 
pounds being preferred from the standpoint of 
cost, however. It is to be noted that the 
organic derivatives of nickel recited immedi- 
ately above are not organonickel compounds in 
which the nickel is attached directly to at least 
one organic carbon atom, by ionic or ionic and 
coordination bonds, but that both classes of 
compounds are useful. For suitable organo- 
nickel compounds of this latter type as starting 
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materials, the nickel being divalent or trivalent 

19421/61 Serial No. 971,771. By way of ex- 
ample, such compounds include bis fcvclo- 
* pentadienyl) nickel, bis(methylcyclopentadi- 
enyl; nickel, bis(indenyl) nickel, and bis- 
(acrylonimle) nickel. 

a The reducing agents may be referred to as 
10 e * te ™ al redudn S agents", since they are 

SSS^ ?^?° Un ^ S ?l reduc ing materials 
other than the hgand, although they may be of 

the same general type, for instance, in the case 

where trusopropyl phosphite is utilized as the 

external reducing agent for the preparation of 

15 tetrakis(tnphenyl P hosphi. te ) nickel f?om nickel 

naphthenate and triphenylphosphite. Generally, 

the external reducing agent should be chosen 

SI. ?*' J* com P lexes > « at all, with nickel 
less strongly than the selected ligand, it does 
20 not enter into markedly competing reactions for 
the hgand or for nickel, and it is non-destruc- 
tive of the hgand and the product 

The preferred reducing agents arc of the 
type used in the preparation of "Zierfer" 
S? 6 "? 1 ?? 11 v** 1 ^, that is, a hydride, 

nvdrirff hC com P ound > organometallic 
hydride, or organometallic halide of a non- 
transition metal selected from the metals of 
periodic groups IA, IIA, IIB, IIIA, and TvZ 
30 The particularly preferred metals are Al Li 

¥* Cd > Zn > ^ H & S »> ^d Pb! 
These elements have an atomic weight no 
higher than 208, and have a maximum faience 

K frSL i S P e aficalIy group IIIA is pre- 

35 terred, and particularly aluminum 

„w specification, the periodic chart or 

2™* ^ ^Pef^ appearing in F w ^ aw ^. 

t1^^"* X ?2 Edition ' b y H - G - Deming, 
„n & T*, ley and Sons > is *e one referred to 
40 Ttes table is reprinted in Lang** Handbook § 
Chvmstry 7th Ed., Handbook Publisher's Inc 
Sandusky, Ohio, 1949, at pages 58 and 59" 
This is the "long" or "Bohf" table. 

fu non -F ansition metal compound useful 
45 as the reducing agent in the preparation of the 
catalyst has the characteristic foraula 



reducing agents as denned above, specific ex- 
amples of which follow. V 65 

Examples of compounds in which R 1 " is 
exclusively a hydrocarbon radical are: triethyl 

?nn™ "T' !" Iuminum ' triisobutyl alum- 

inum, diethyl isobutyl aluminum, trihexyl 
aluminum, tridodecyl aluminum, triphenyl 70 
a ummum, ethyl dibenzyl aluminuin, trLptVl 
aluminum, and tricyclohexyl aluminum Other 
examples of suitable radicals R 1 " include 
a f y l, pr °M is °P r °Py^ octyl, S 

t £fn a - bly or S ano or hydrocarbon 75 
radical R»» ls a straight or branched chain 
alkyl radical, although it may be alkylene 

7»™*A ary - a V> f The radicals" 

K may be similar for the compounds which 
also have hydrogen or halogen radicals attached 80 
to the metal atom, the organo-metallic hydrides 
and the organometallic halides. Similar organo- 
metallic compounds of the metals other than 
aluminum are useful, examples being ethyl 
lithium, allyl sodium, phenyl sodium; butyl g S 
potassium, diethyl calcium, dibutyl zinc] 85 
sodium aluminum tetraethyl, and tetraethyl 

,„J3f h y d * d * s u , s eful according to this in- 

SamrS« lnC T £ n °™*g representative 90 
examples: LiH, NaH, KH, M"H, Raw 

ZnH-, CdH., H°ff H-H Alii ciii' o a 5 2 > 
Phvr dltj 5 ' . =' e 1 "^ SnH., SnH„, 

JS, « T^iw d ^ XCd hydrides of above 
ZLv Exam P le s of useful organo- 

metallic hydrides are: 

QH.MgH, (QH ; ) 2 A1H, and CH 3 A1H 2 . 
formifla n ° mCtaIllC ha,MeS witbin the above 

include the following examples: QH-M^Br ion 
and other Grignards reagents, ' a 100 

(QH0,A1C1, QH.PbCl, (QHO^PbCl, 
and QH.PbCl,. 



(R m ),M(X) to 

Sov^r"" " iS 1 L n r™° n metal as d efined 
50 cai «X" I o 3 hydrcca / bo ? or hydrogen radi- 
^ u a haIldc rad ical, and "a" and «b" 
are numbers the sum of which is equal to the 
valences 0 f the metal, with the provL t£t 

55 both hydrocarbon andtydr^n «Sg£tt 
the organometalhc hydrides. When R»» fe 
exclusively hydrogen, «b» equals zero. Differ! 
ent hydrocarbon and different halogen radiods 
may be attached to the same metal ato^ Cont 

60 plexes having atoms of different mSals T e 
included. In the description and claimfof £ 

agents i s intended to denote the preferred 



fluoSnef aJd'S^ CWOrine ' 

d Jn J «7- i0 ? J? 01 in P lace of the above- 105 

m£ t S^ 1C ? ^ ° f redudn S a Senr, others 
may be used, for instance, metallic redudncr 

Sie^xamn?^ 0 ^ «** ^EdS 
suitable Examples of such metallic reducino- 1 in 

agents include zinc, aluminum, maSZ ° 

Hf rinc S °a^; ^ ° f ^ P-Sg S r„ 
as ot zinc and aluminum, and allovs or miv 

Uires with the hvdrides mentiWa heretofore 

of n n^n- PJe ,° f the ,3tter is a mixture^ or Soy 115 
of metallic aluminum and aluminum hydride 

a ?^r 1 lA P ) inCS - and PhosphitesTSg 
a lesser affinity f or nickel than the desir-3 

aS 55* °, USefuI 38 the externS re feg 
of ^h a Sn P f; n r ^ ** « ^0 

Alkab metal ethoxides, such as sodium or 
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potassium ethoxide, are useful in some cases, 
as where phosphines comprise the ligands to 
be complexed with nickel. With other ligands, 
such as the triorganophosphit.es, transesterifi- 

5 cation may result, and thus the alkali metal 
alcoholates, though operable as the reducing 
agent even with the phosphites, are not pre- 
ferred with such ligands. 

Hydrazine and substituted hydrazines such 

10 as methyl hydrazine, dimethyl hydrazines, ethyl 
hydrazine, propyl hydrazine, and phenyl hydra- 
zine are suitable reducing agents, as are hydro- 
gen, and metal carbonyl hydrides such as 

Fe(CO),Ho, and Co(CO).,H 

15 which, however, decompose at relatively low 
temperatures. 

The quantity of reducing agent depends 
upon its nature, and the nature of the nickel 
compound used as a starting material. The 

20 amount of reducing agent used in each case is 
not particularly critical but should be an 
amount not lower than that necessary to reduce 
the nickel, such as in nickel chloride, to the 
zero-valent state. If a material other than 

25 the nickel compound is present which will 
react with or complex with the reducing agent, 
an excess of the reducing agent is useful to 
fulfill this requirement. 

Solvents are beneficial in some instances. 

30 However, they should be inert with respect to 
the ligand, the reducing agent, and the disub- 
stituted, trisubstituted, or tetrasubstituted nickel 
complex. The ligand itself such as triphenyl- 
phosphite, may serve as solvent, as disclosed 

35 in said Specification No. 19421/61 Serial No. 
971,771 filed May 30, 1961. Hydrocarbons 
such as benzene, petroleum naphtha, hexane, 
methylcyclohexane, xylene, decahydronaphtha- 
lene, and toluene are useful, as are tetrahydro- 

40 furan and ethyl ether. Water and ethanol or 
other alcohols are reactive with aluminum tri- 
ethyl, for example, and are not of benefit in 
most instances. 

The relative proportions of ligand and nickel 

45 compound in the reaction mixture should be 
such that approximately four moles of phos- 
phorous, arsenic, and /or antimony per mole of 
nickel are present. The ratio of phosphorous, 
arsenic, and/or antimony to nickel in the 

50 reaction mixture may be less than four, but a 
lower yield of the desired product is obtained. 
An excess of ligand is useful, although the 
economic advantage attained by the use of an 
external reducing agent is diminished. The 

55 mole ratio of phosphorous, arsenic, and/or 
antimony to nickel suitably ranges between 4 
to 1 and 20 to 1. 

The temperature to which the ligand, the 
nickel compound, and the external reducing 

60 agent, with or without added solvent are sub- 
jected, varies widely, and depends in part upon 
the specific reactants used. In some instances, 
stepwise elevation of the temperature is bene- 



ficial. In general, temperatures of from 
- 80°C. to 250°C. are useful. Preferred tern- 65 
peratures are from 25°C. to 100°C. The time 
of reaction is largely a function of temperature 
and may vary from 0.1 hours to 20 hours or 
longer if desired. Pressures depend in part 
upon the nickel compound, as well as the other 70 
components of the reaction mixture. Where 
volatile by-products are obtained, reduced pres- 
sures, as low as about 20 mm., are of benefit in 
some cases. Corrosive or deleterious by-pro- 
ducts may be controlled by including a suitable 75 
reactant in the mixture. For instance, where 
hydrogen chloride is a by-product, triethyl 
amine or pyridine is useful to neutralize this 
product. In adding such materials, attention 
should be given to the severity of the reduc- 80 
ing conditions; under severe conditions, pyridine 
is preferred to triethyl amine. Where a com- 
ponent of the reaction mixture is quite volatile, 
such as in the use of hydrogen gas as the 
reducing agent, lusher pressures, in the 85 
neighbourhood of 140 kilograms per square 
centimeter gage are permissible. Ordinarily, 
ambient temperatures and pressures are satis- 
factory. 

In preparing the nickel complexes, the re- 90 
actants may be added in any order. Conveni- 
ence or the nature of the materials may sug- 
gest a particular order, as where a vigorous 
reaction is controlled by the gradual or step- 
wise addition of a component. In Example 2, 95 
the trialkyl aluminum reducing agent was 
gradually added to the other reactants, with 
eoo d results. Gaseous materials are conveni- 
ently added to the other reactants. Where 
different ligands are associated with the same 100 
molecule of nickel, such ligands may be added 
to the reaction mixture separately or together. 
Vigorous agitation is often of benefit. 

An inert or non-oxidizing atmosphere is 
used, argon, nitrogen, and helium being user 105 
ful. Of course, where the reducing agent is a 
gas or vapor such as hydrogen, the reaction 
zone is purged of air and the hydrogen pro- 
vides the non-oxidizing atmosphere. Although 
the crude reaction mixture is active as the cata- hq 
Iyst and may be prepared in the reactor in 
which it is to be used as a catalyst, it is pre- 
ferred to isolate the active principal, as by 
washing with alcohol and acetone. Recrystal- 
lizing from benzene or tetrahydrofuran is 115 
sometimes useful. 

The method of carrying out the preparative 
reaction according to the invention is illustra- 
tive by the following Examples Nos. 1 to 13. 
All parts are by weight and ambient tempera- 120 
tures and pressures were used, unless specified 
otherwise. 

Example 1 

Into a 500 ml. flask, 5 grams of nickel 
bromide, and 100 ml. of anhydrous cyclo- 125 
hexane were placed. This was heated to 65 °C. 
and 30 srams of triphenylphosphite was added 
followed by 50 ml. of 10% by weight of tri- 



1,000,477 



ethylaluminum in cyclohexane. This mixture 
was heated at 65° for 1 hour after which 10 
cc of alcohol was added to destroy any triethvl- 
aluminum present After cooling and remov- 
5 ing the solvent, the residue was dissolved in 
tttrahydrofuran (THF) and filtered. The 
i HF was removed by vacuum and 100 ml. of 
metayl alcohol added which caused a white 

in g^^,^ § ay e 6.5 grams 
10 of tetrakis (triphenylphosphite) nickel — m.p. 
146— 8°G, the yield being 21.8%. 

Example 2 
1™ n V x , ture > of 5 grams nickel acetonylacetate, 
100 nil. benzene, and 28 grams tri (2 - chloro- 
15 ethyl) phosphite, was stirred under argon To 
this was added dropwise 30 ml. of 10%' tri- 
ethylalummum in benzene and the stirring 
continued for one hour. At the end of this, 
150 ml. or methyl alcohol was added, which 
20 precipitated 19.2 grams (yield 75.2%) of a 
wmte solid, tetrakis [tri(2-chloroethyl) phos- 
phite] nickel — m.p. 138 140°C. 

Example 3 

o= m -T 5 ^ of 5 S rams of anhydrous nickel 
25 chloride, 100 grams of triphenylphosphite, and 
i grams of powdered iron was stirred for 16 
hours at 200°C. while an inert atmosphere was 
maintained. No extraneous solvent was used 
*n i? e , reaCUOn 1 n V?? ,re was cooled t« room tem- 

^T?\™£ 15 °- mL of met M alcohol was 
added which precipitated about 20 grams of 
a dark colored solid. The solid was dissolved 
m tetrahydrofuran, filtered to remove the in- 
soluble material, e.g., iron, and methyl alcohol . 
55 was added to precipitate a white solid, tetrakis 

39% 7 d Was approximately 

An a Example 4 

m - miXt , U ^ 01 5 grams °f anhydrous nickel 
™ e ' 100 ( grams of triphenylphosphite, and 
20 grams of tnethyl amine was added to a 
500 ml autoclave. After addition of the mix- 
ture, the head of the autoclave was put into 

45 place and the autoclave was evacuated to 

at7™°r 6 a vi T1 ? 5 eaction was «"*d out 
at i3U u witli a hydrogen pressure of 119 



kuogi-ams per square centimeter gage with a 
residence time of 1.5 hours. After cooling to 
room temperature, the hydrogen was vented off 
and tne autoclave head was removed. Then 
20u ml. of acetone was added to the reaction 
mixture and a dark solid was precipitated. The 
dark solid was dissolved in hot benzene, fil- 
tered to remove the insoluble material, and 
methyl alcohol was added which precipitated 
2.1 grams of a white solid, tetrakis (triphenvl- 
phosphite) nickel, m.p. 146— 148°C. 

Example 5 

0 ^o, 8 ™. 11 ? of a nickel naphmenate con- 
taining 6% nickel, 33.0 grams of triphenyl- 
phosphite was added, along with 5.5 grams of 
tnisopropyiphosphite, the latter serving as the 
external reducing agent. The resulting fixture 
was stirred at 130°_140°C. for 1*5 hours! 

m? lt \ t0 ?°°?- With continued stirring 
and 100 ml. oi n-heptane was added to pre- 
cipitate the product. The precipitate thenVas 
washed with methyl alcohol, leaving a residue 
of 4.4 grams of tetrakis(triphenylphosphite) 

potfcr? 71 12 - 8% ' * * V< *r 
_ Example 6 

tainW £v grai ? S , 0f a , nidtel na Phthenate con- 
! IT? & 7% 10 S™™* of n-heptane, 

20 ml JV'T 5 ,? ^nylphospnite and 
20 ml. of tnethylalummum in decahydro- 

containing a total of 1.8 grams 
™ t? lalummum, was added under an inert 
acnosphere. These were stirred together for 
about 3 hours in the range 25°— 35°C and 
the temperature finally raised to 65°— 75°G 
for an additional hour. The mixture was 

anoT™ ™, C °°- ^ t0 r00m temperattTre! 
and 100 ml ot n-heptane was stirred in fol- 
lov/ed by 50 ml. of isopropyl alcohol. The 
precipitated tetrakis (triphenylphosphite) nickel 
was removed by filtration, washed well with 
methyl alcohol, air dried, and found to weigh 
5.8 grams, a yield of 17% e 

tahTi* ^'"P 1 ? 5 « forth in the following 
above. 6 COnducted simil *rly to those giveS 
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thJ^J^ 7 ?* coir 'P° un ds prepared by 

invention is discussed » 

reason is suitably 0.001% to 10% by we ght 
of the conjugated diolefin monomer and lie 

F^LSTf* iS bCtWee ? °- 05 % a * d 
^ /o by weight. Excessive quantities of catalvsr 

results have been achieved at catalvst concpn 
cntoin r of 0.5%, 1.0%, and 1.5% with re^" 
kis(tnphenylphosphite) nickel 
« ^fierization inhibitors which may be pre- 

15 sent ,f desired include phenol, catechol L 
ternary-butyl catechol, resorcinol, hydro- 
qumone, and other known compounds. IW 
™» lnhibi ^ may be removed frSn 
the diolefin, or reduced in quantity, by m&ns 

20 such as potassium hydroxide, prior to T 

norremoSd SUC i, inhibit0r5 ™ ™cL Se 

not removed, the amounts thereof mav hr 

between 0.001% and 4% based on the weight 

of the open-chain conjugated diolefin r* if 

25 not unusual to find that amounts fn this ran-e 

& to Vfi 5 d to u materi ^ such as SS 
diene to stabilize them during srora-e and 

SEffciT 1 "? tUtyl ^echoitn 'bum. 
aiene, between about 3 nnm fnan-c ««. ™-n- \ 

S£ an'd 7?C PCr centimeter 
gau e e and 70 kilograms per square centimeter 
gauge are applicable, usually dependm^non 
the temperature at which the reaction "is £7 
35 l UCtedl , between 40°C. and 250^C 

*u and 180°C. Vigorous agitation is of 
40 t£ ? * taction depends in large part upon 

S3 anflOh^' ^ m ° re d£sirabI y b ^en 

and ^th^ 0 ? J" ay be batch or continuous, 

45 reacJo 1 * ^ I solvent - Backmixing of 

S\T re WMh nwvi y introduced re- 

oSlv advamage °c US : SuitabIe s ^ents are 
paraffinic, cydoparaffinic, olefinic, cydo-ole 

Serene m f r0nlatiC ^^bons Sding 
benzene, toluene, petroluem naphtha, hexane 
50 heptane, isooctane, cydohexane? Spemane 
cyclooctadaene, and similar n^eriak ? Xr 
solvents known to be useful for similar^e 

KeSblv r ahy i dr ° fUran > - option^ 

S dkS3£ C m ^antial quantities are 

prodS o? r ^™° m ^ M ^ and the 
prooucte of reacuon. In some cases, the cata 

60 rSe^^^ bef - Action 

The monomer useful according to the pre- 
sent mvennon is an open-chain conjugatedT 
olefin or halogen-substituted diolefin The 

subsntuted 1,3 - butadiene. Such monosubsti- 



tuted 1,3 - diolefins include 2 - methyl - 1 3 
butadiene (isoprenej; 1,3 - pentadiene (piper- 
ylene;; and 2 - chloro - 1,3 . butadiene (chloro- 
prene;. Other useful conjugated open chain di- 
olefins include 2,3 - dichloro - 1,3 - butadiene; 70 
phenyldiolefins and 2,3 - dimethyl - 1,3 - buta- 
diene. The halogen-substituted conjugated 
open coain diolefins preferably have no more 
than one halogen atom substituted for hydro- 
gen in each diolefin molecule. Mixed halogen 75 
derivatives such as chloro-bromo- 1,3 -butadi- 
enes may be used Other compounds which 
lorm cycloolefins having at least eight carbon 
atoms in the ring may also be used, an ex- 
ample being 2,4-hexadiene. 80 

The diolefin should be relatively pure 
although it may comprise relatively small 
amounts of impurities inherently present such 
as water, monoolenns, 1,2-diolefins, carbonvl 
compounds, and acetylenes. Normally these 85 
materials appear in amounts between about 10 
ppm (parts pa- million) and 600 ppm Exces- 
sive amounts of certain impurities react with 
the catalyst or are detrimental in other ways 
and if not removed, are wasteful of catalyst, for or> 
example. The quantity of water in the diolefin 
monomer may be reduced by freezing, chemi- 
cally, or by the use of dessicants or dehydratine 
agents such as calcium sulfate, caldum carbide, 
silica gel calcium oxide, or others known in g<5 
the art. A water content as low as 5 ppm is 

JZHL*^? 4 * alth0Ugh S°°d «*£ are 
obtained with larger amounts such as 100 ppm 

Ferrous salts, thiosulfites or sulfites may be 
used to reduce peroxide compounds. ion 

ihe reactor may be constructed of any 
usual material, including stainless steel and 
mild steel In using these materials, it has 
been found that after a short period of use an 
the Sir P ° lymeric flbn thinly coats or lines 105 

lvsff ™™ P !! ° f 3 ™. ethod of usin § the cata- 
SuffiT* aCC ° rdlng t0 Ae inVention is 

Example 14 ij 0 
An autoclave was charged with 100 grams 
ofbutadiene and 1.5 grams of tetrakis(S! 

ESS^* 1 * 08 ^ nickel ^ved in 
benzene. The reactor, sealed, was heated to a 

Of tne butadiene introduced, 59% was con- 

S^rS- !? e apP --teTrodua 
oii<uybis was oO% 15 _ cyclooctadiene 9% 

S?f^ a \ and 3% W - cjSodo'deX 

Svfn-fSS'n^ 6 - rem l inder being materials l 20 
naying a boding point above that of CDT 

„t£r e f u C ««Pfe is illustrative of 'one 

SSSLSV""^ . com P oun ^ Prepared by 
the method described herdn. Also, see aonli 

Sy n 30 NO i9 6 9 l 42 f 0/61 - *?* N °- W?53S 125 
3m JSlJS k Sm \ lkr exam Ples. Using as 
the catalyst the complex bisrorthophenvlene 
bisdimethylphosphine) nickel, mopaen y le:oe - 

Niro^-QH,(PMe 2 ) 2 ] 2 , 



■«* L- 



1,000,477 



a catalyst concentration of 1% by weight 
based on butadiene, using a reaction time of 
three hours at a temperature of 150°C. and a 
pressure of 28 kilograms per square centimeter 

5 gage, is suitable to form oligomers of buta- 
diene. The catalysts may be used with an 
activator, such as acetylene, isobutylene, or 
cyclooctadiene. Other suitable conditions are 
set forth above. Similar conditions are useful 

10 for trisubstituted complexes such as bis(tri- 
phenylphosphite) - orthophenyknebisdimethyl- 
phosphine nickel, 

[ (C c H.O) 3 P] 2 Nia— QH ; (PMe 2 ):> 

Another utility of the nickel compounds of 
15 the invention is in the preparation of metallic 
coatings on for instance, siliceous surfaces such 
as glass. By applying a thin coating of the 
compound to glass and thermally decomposing 
the complex in a vacuum or in a non-oxidizing 
20 atmosphere, coatings containing metallic nickel 
are obtained. 

WHAT WE CLAIM IS: — 
1. A method of preparing a nickel co- 
ordination compound of the formula : 

25 [(RO a ) 3 X] 4 Ni, 

[(RO a ) 3 X] 2 Ni (XR" 2 )2 R1 > 

or 

[R 1 (R 11 2 X) 2 ] 2 Ni 

wherein each of R, R 1 and K 11 is a hydrocarbon 
30 radical or an acyl or halogen derivative thereof, 
X is phosphorus, arsenic or antimony, and a 
is one or zero, which comprises reacting in an 
inert atmosphere (1) a nickel compound hav- 
ing a covalency or electrovalency of 2 or 3 
35 with (2) a ligand or mixture of ligands of the 
formula 

(ROi0 2 X, 

wherein R has the meaning given above for R, 
R 1 and R 11 and a is one or zero, in the presence 
40 of (3) a reducing agent selected from organo- 
metallic compounds, organometallic halides, 
metal hydrides, and organometallic hydrides, 
alkali metal eth oxides, metallic reducing 
agents more positive than nickel, hydrazine, 



alkyl hydrazines, carbonyl hydrides, organic 45 
phosphines, organic phosphites and hydrogen. 

2. A method according to claim 1, wherein 
the hydrocarbon radical is an aralkyl, cyclo- 
alkyl, aryi, alkaryl, arylalkyl, arylene or alkyl- 
ene radical. 50 

3. A method according to claim 1 or 2, in 
which the nickel compound is a nickel salt of 
an inorganic or carboxylic acid. 

4. A method according to claim 3, m which 

the nickel compound is a nickel dihalide. 55 

5. A mediod according to claim 1 or 2 9 
in which the nickel compound is an organic 
chelate. 

6. A method according to any preceding 
claim, in which the metallic reducing agent is 60 
lithium, sodium, potassium, magnesium, cal- 
cium, barium, zinc, cadmium, iron or alum- 
inium. 

7. A method according to any preceding 
claim, in which a hydrocarbon solvent is in- 65 
eluded in the reaction mixture. 

S. A method according to any preceding 
claim, in which the molar ratio of phosphorus, 
arsenic or antimony to nickel is between 4 : 1 
and 20:1. 70 

9. A method of preparing a nickel co- 
ordination compound as defined in claim 1, as 
herein described and with reference to Nos. 
1 — 13 of the foregoing Examples. 

10. A nickel co-ordination compound, when 75 
prepared according to the method of any pre- 
ceding claim. 

11. A method of cycloohgerimizing an open- 
chain conjugated diolefin or halogen-substituted 
diolefin, in which a nickel co-ordination com- 80 
pound according to claim 10 is used as cata- 
lyst. 

12. A method of cycloligerirnizing an open 
chain conjugated diolefin or halogen-substi- 
tuted diolefin, as hereinbefore described and 85 
with reference to No. 14 of the foregoing Ex- 
amples. 

POLLAK, MERCER & TENCH, 
Chartered Patent Agents, 
Audrey House, Ely Place, London, E.C.I. 
Agents for die Applicants. 

Reference has been directed in pursuance 
of Section 9, subsection (1) of the Patents Act, 
1949, to patent No. 882,400. 
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